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CapabilitiesCapabilities

•• Motivating model:  multielement array, noiseless environmentsMotivating model:  multielement array, noiseless environments

• Extension to noisy environments

• Extension to other linear processor structures
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Interference Excision System Design MethodologyInterference Excision System Design Methodology

• Identify the interference excision scenario

– Is interference the real issue?

– Can the problem be solved by other means (e.g., interference avoidance)?

– What system/environment factors do you control?

• Develop an end-to-end model for the interference excision problem
– SOI and SNOI transmit signal models (if appropriate)

– SOI-to-receiver and SNOI-to-receiver channel model

» General model

» Learnable parameters

» Probable deviations

– Expected receiver system/network impairments

• Develop a receiver system/network structure that can excise the interference

– Prove if possible through analysis and simulations using ground truth data

• Develop an effective adaptation algorithm

– Can adapt the receiver structure to achieve the desired excision

– Robust to model deviations

– Cost effective

• Adjust controllable factors as needed/possible to maximize utility (cost or effectiveness)
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Example: Array-Based Excision ProblemExample: Array-Based Excision Problem
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Antenna
subsystem

Narrowband Spatial Reception ModelNarrowband Spatial Reception Model
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Spatial Reception ModelSpatial Reception Model  at ADC Outputs (Narrowband at ADC Outputs (Narrowband LPFLPF’’ss))
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Spatial Reception Model, Multiple EmittersSpatial Reception Model, Multiple Emitters
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Spatial Reception Model, Multiple EmittersSpatial Reception Model, Multiple Emitters
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Linear Signal Separation Solution, Noiseless EnvironmentLinear Signal Separation Solution, Noiseless Environment

• Mfeed×Lemit linear combiner

• Separates all Lemit emissions

• No dependence on temporal structure of
received emissions, including TOA and FOA

• No dependence on collect time
(instantaneous solution possible)
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Requirements

• Combiner degrees of freedom Mfeed ≥
number of emitters Lemit

• Linearly-independent channel responses

– For example, due to different emission
directions-of-arrival (DOA’s)
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Linear Signal Separation Solution, Noiseless EnvironmentLinear Signal Separation Solution, Noiseless Environment

• G arbitrary full-rank Mfeed×Lemit matrix, fully

overlaps HTR (rank{GHHTR} = Lemit)

– Infinite number of solutions

– “Best” separator dependent on other
factors (e.g., noise)

• G ∝ HTR is minimum-norm solution
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Linear Linear Interference ExcisionInterference Excision Solution, Noiseless Environment Solution, Noiseless Environment
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• Mfeed×1 linear combiner — extracts only the
SOI (less complex)

• No dependence on collect time or SOI/SNOI
content or structure

• rank{HSNOI} can be < LSNOI (linearly
dependent channels, e.g., same DOA’s)
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Null-space Projection Matrix

• P⊥(HSNOI)HSNOI = 0

• SNOI components nulled
by combiner

• SOI recovered without
error if P⊥(HSNOI)hSOI ≠ 0

Linear Linear Interference ExcisionInterference Excision Solution, Noiseless Environment Solution, Noiseless Environment
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Linear Linear Interference ExcisionInterference Excision Solution, Noiseless Environment Solution, Noiseless Environment
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• g arbitrary Mfeed×1 vector,

P⊥(HSNOI)g ≠ 0

• Infinite number of solutions

• g ∝ hSOI is minimum-norm
solution
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Geometric Interpretation (Geometric Interpretation (LLSNOISNOI  ==  11, , MMfeedfeed  ==  33))
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Geometric Interpretation (Geometric Interpretation (LLSNOISNOI  ==  11, , MMfeedfeed  ==  33))
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Geometric Interpretation (Geometric Interpretation (LLSNOISNOI  ==  11, , MMfeedfeed  ==  33))
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Geometric Interpretation (Geometric Interpretation (LLSNOISNOI  ==  11, , MMfeedfeed  ==  33))
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Interpretation for Antenna Array (UCA)Interpretation for Antenna Array (UCA)
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Interpretation for Antenna Array (UCA)Interpretation for Antenna Array (UCA)
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Interpretation for Antenna Array (UCA)Interpretation for Antenna Array (UCA)
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Interpretation for Antenna Array (UCA)Interpretation for Antenna Array (UCA)
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ExtremeExtreme Excision Example:  270 dB SOI/SNOI Interference Margin Excision Example:  270 dB SOI/SNOI Interference Margin

3 inch diameter

2,412 MHz
carrier

QPSK SOIFive Complex Gaussian SNOI’s, 270 dB ISR per SNOI

Single-Element Antenna Output
(spatially isotropic antenna elements)
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Maximum-Ratio Combiner SolutionMaximum-Ratio Combiner Solution

QPSK SOI

Beam steered directly
at SOI emitter

Minimal suppression
in SNOI directions



Interference excision, 7 June 2009, pg. 51

B3

 Copyright © June 2009, Brian G. Agee.  All rights reserved.

Minimum-Norm Minimum-Norm Null-SteererNull-Steerer

Off-pointed to force
zeros at SNOI DOA’s

SOI Recovered at -278 dB input SIR!!!
Extracted SOI

QPSK SOI

Zero-crossings at SNOI DOA’s
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Minimum-Norm Minimum-Norm Null-SteererNull-Steerer

Don’t try this at home!

• Demonstration of the ultimate power of the approach

• Requires model to hold exactly

– Constellation imperfect even in this example, due to
precision of computer/algorithms!

• Numerous real-world implementation issues

– Receiver noise, nonlinearity

– Cross-sensor filter mismatches

– ADC, digital processing precision

– Channel and platform dynamics

• Designing system to provide just the needed amount of
excision the most important part of the process

QPSK SOI

Extracted SOI


